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Abstract 
The origin of this work on the learning of chemical thermodynamics at university is the recurrent finding associated with the 
difficulty experienced by students, resulting in poor marks. The purpose of this study is to identify the difficult concepts in 
thermodynamics, to identify possible causes of these difficulties, and to try to offer remedies for this problem. For this we 
developed a three part questionnaire: - The general capabilities of the student. - The teaching conditions. - Difficulties of students 
in terms of chemical thermodynamics. We undertook a survey of chemistry students in the Faculty of Science at Ben M’Sik 
Casablanca. After analyzing the data we found that the difficulties encountered in association with chemical thermodynamics 
may be due to several factors: - The nature of the concept studied in terms of the difficulty of understanding.  Inadequate basic 
knowledge, especially in mathematics. - The ability of low and middle level students with regard to the French language impedes 
their ability to follow the explanations of the teacher. - Curriculum overload. - Lack of concentration during the course. - Lack of 
motivation of students.  
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1. Introduction 
Thermodynamics enjoys the reputation of being the most difficult part of the chemistry program at the 
University. According to experts it is a subject that requires understanding and a conceptual training of the mind that 
requires a great deal of thought. Thermodynamics is not a popular subject among students and chemists at the 
University due to this perceived difficulty. It is very common to hear students say "It's not chemistry." Indeed, the 
reasoning behind thermodynamics is based on ideas of physics and mathematics rather than chemistry, and yet, on 
the macroscopic physics and pure (Wright, 1981).The learning of this subject requires a prior knowledge of general 
mathematics and physics. Despite the importance of chemical thermodynamics and kinetics as the foundation for 
chemistry, most students pass introductory courses with several misconceptions about these subjects (Banerjee, 
1995; Beal, 1994; Cakmakci, Leach &Donelly, 2006; Carson and Watson, 1999; Carson and Watson, 2002; Fuchs, 
1987; Granville, 1985; Johnstone, MacDonald & Webb, 1977; Ochs, 1996; Selepe and Bradley, 1997; Sozbilir, 
2001; Sozbilir, 2002; Sozbilir, 2003a; Sozbilir& Bennett, 2006; Sozbilir& Bennett, 2007; Thomas, 1997). Physical 
chemistry courses, where students tackle more advanced ideas of thermodynamics and kinetics, are perceived by 
many students to be one of their most difficult courses (Sozbilir, 2004). Research on learning difficulties associated 
with thermodynamics from elementary to undergraduate level is well documented. These studies have characterized 
student conceptions of heat and temperature (e.g., Brook, Briggs, Bell & Driver, 1984; Erickson, 1979; 1980; 1985; 
Grayson, Harrison &Treagust, 1995; Harrison, Grayson &Treagust, 1999; Lewis & Linn, 1994; Linn &Songer, 
1991), energy (e.g., Duit, 1987; Goedhart&Kaper, 2002), phase changes (e.g., Azizoğlu, Alkan&Geban, 2006; 
Osborne & Cosgrove, 1983), equilibrium (e.g., Banerjee, 1995; MacDonald, 1990; Thomas, 1997, Van 
Driel&Gräber, 2002) and the second law of thermodynamics (e.g., Duit&Kesidou, 1988; Kesidou&Duit, 1993). 
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Reviews covering students’ conceptual difficulties about several thermodynamic ideas such as heat and temperature 
(Sozbilir, 2003b), chemical equilibrium (Van Driel&Gräber, 2002), chemical energetics and chemical 
thermodynamics (Goedhart&Kaper, 2002) and entropy (Sozbilir, 2003a) suggest that students have significant 
learning difficulties with regard to thermodynamics. 
 
The origin of this work on the learning of chemical thermodynamics at university is the recurrent finding of the 
difficulty experienced by students, resulting in poor marks. This study aims to investigate the difficult concepts in 
thermodynamics and to identify possible causes of these difficulties, and to try to offer remedies for these 
difficulties. 
2. Research methodology. 
In this research we try to provide some answers to a number of questions based on the difficulties faced by 
students in the field of chemical thermodynamics. For this we developed a questionnaire consisting of 19 questions 
divided into three categories: 
- The general capabilities of the student. 
- The teaching conditions. 
- The difficulties of students in dealing with chemical thermodynamics. 
2.1.  Population and sample: 
We conducted our survey with chemistry students in the Faculty of Science Ben M'sik.  The population consisted of 
two categories: 
- Students in the first year of the degree program who took the thermochemistry  course (31 students). 
- Students in the final year of the degree program who took the thermochemistry course in S1 and the chemical 
thermodynamics course in S5 (63 students). 
2.2. Interpretation of the results: 
After collecting the responses, the data have been examined and the frequency of 
each response category was calculated. 
 
3. Results and discussion 
3.1. General abilities of students: 
The capabilities of most S1 students range between "average" and "inadequate". This was deemed to be the ability to 
take notes (45.2%, 29.0%), to understand French (41.9%, 22.6%) to write in French (32.3%, 32.3%); and 
mathematical reasoning ability (48.4%, 16.1%). 
The characteristics of this sample show the very medium or low level of most students enrolling in   the 
faculty.  They enroll only when they have no other choice or wish to become science learning fort the first time in 
French. This is consistent with the fact that some teachers’ feel that the ability level of the students is the main cause 
of their learning difficulties. 
 
For students at the end of the cycle of license there is a slight improvement. Indeed we can say that most 
students range between "moderate" and "good" in terms of their ability to take notes (47.6%, 27.0%), understand 
French ( 46.0%, 38.1%) write in French (57.1%, 28.6%) and mathematical reasoning ability (44.4%, 30.2%). 
  
3.2. Teaching Conditions: 
A significant number of students (64.5% in S1 and 68.3% in S5) found that the contents of the courses were 
appropriate to their knowledge levels. 
 42.9% of S1 students found that there was no consistency in the lectures, tutorials and practicals whereas this 
percentage was 23.8% in S5. 
The majority of students in S5 (76%) believe that there is consistency between the course and the evaluation of 
knowledge, while for S1 students this percentage was 58%. Overall we can say that the poor performance of 
students is not due to alack of coherence between the course and control.  
- State of infrastructure, instructional materials, staffing, use of time ... 
This question sheds light on the conditions under which education is delivered and with regard to which potential 
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problems should be solved. Unfortunately there was a high rate of non-response to these questions (about 30% in S1 
and 20% in S5). One in three believe that the local conditions in terms of equipment, manpower and scheduling do 
not help provide a good education.. 
Finally, most S1students are not satisfied with the teaching methods (48.4% unsatisfied and 29% dissatisfied), 
while in terms of S5 students the dissatisfaction rate has declined but is still a source of worry (17.5% and 41.3% 
unsatisfied/dissatisfied  ). 
 
Conclusion: 
The student responses to the questions in this part reveal many very important points. These areas follows: 
Students (especially S5) argue that there is consistency in the lectures, tutorials and practicals and between courses 
and controls.   On the other hand, one in three believes that the conditions (local, equipment, manpower and 
scheduling) are not conducive to good learning, and most students are not satisfied with the teaching methods used. 
 
3.3. Students' difficulties in chemical thermodynamics: 
3.3. 1. S1Students: 
64.5% of students at the beginning of the cycle find the thermochemistry studied in S1 to be difficult (rather difficult 
for 41.9% and very difficult for 22.6%). 
 
The difficulties arise primarily from program overload (74.2% of students), the current methods of teaching (about 
60%) and finally the problem of the teaching language (French), lack of exercise time and the complexity of the 
concepts (about 45%). 
 On the other hand, we asked students to classify some concepts in order of increasing difficulty numbering 
them from 1 to 11 (one for easiest, 11 for most difficult). After processing the questionnaires, we gave each concept 
a score in terms of difficulty (from 0 to number 1 to 10 for number 11) and calculated the total points for each 
concept. The result is presented in Table 1: 
 
Table 1. Points of difficulty for S1 students 
 
Notion Spontaneity    Standard 
state 
Irreversible 
Transformation 
Chemical 
equilibrium 
Phase 
Change 
Variance 
Points of 
difficulty 
226 226 181 159 143 138 
Notion 
 
Temperature Stoichiometric 
Sufficient 
Heat Entropy Enthalpy  
Points of 
difficulty 
128 128 127 118 89  
 
It follows from this ranking that spontaneity and standard state are the most difficult concepts for students, 
followed by irreversibility and chemical equilibrium.  These results match those found in the literature. 
87.1% of S1 students experienced difficulties in thermochemistry, and only 10% of students feel they have a good 
understanding of chemical thermodynamics. 
 
These difficulties relate primarily to the understanding of the course, the methods of working, understanding the TD 
concepts, and finally the amount of work. 
 
The last item on the questionnaire was included to gauge the opinions of students with regard to means to improve 
their understanding of the concepts of thermochemistry. The analysis shows that for students, reducing the course 
content and an increase in   hourly TD would contribute to an improvement in their level of understanding. 
 
3.3. 1. S5Students: 
53.9% of students at the end of the cycle found that chemical thermodynamics studied in S5 is difficult (rather 
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difficult for 33.3% and very difficult for 20.6%). 
 
The difficulties arise primarily due to program overload (73% of respondents), the method of teaching and the lack 
of time for exercises (about 40%) and lastly the lack of prerequisites, the method of teaching in tutorials and 
complex concepts (about 45%). We note that French was no longer an obstacle for students. 
 
On the other hand, we asked students to classify some concepts in order of increasing difficulty by numbering them 
from 1 to 9 (1 for the easiest, 9 for the most difficult). After processing the questionnaires, we scored each concept 
in terms of difficulty (from 0 for number 1 to 8 for number 9) and calculated the total points for each concept. The 
result is presented in Table 2: 
 
Table 2. Points of difficulty of S5 students 
 
Notion Colligative 
Properties 
State 
Reference 
Chemical 
Potential   
Partial Molar 
Quantities 
Real 
Solutions   
Points of 
difficulty 
342 234 227 191 191 
Notion 
 
Ideal 
Solutions   
Chaperon 
Relationship 
Phase Change Phase 
Equilibrium    
 
Points of 
difficulty 
178 156 127 118  
 
 
It follows from this ranking that colligative properties is the most difficult concept for students, followed by the 
reference state and chemical potential. On the other hand, students found the concept of phase equilibrium the 
easiest. In terms of causes, we might mention the fact that the concept of colligative properties was encountered at 
the end of the semester, which supports the hypothesis that the program is overloaded and this constitutes the main 
reason for the difficulty encountered by students. 
 
82.5% of S5 students experienced difficulties in dealing with chemical thermodynamics and only 4.8% of students 
feel they have a good level of understanding of chemical thermodynamics. This leads us to ask questions about how 
to overcome these difficulties. 
These difficulties relate primarily to the amount of work, the work methods, the understanding of the course and 
finally the understanding of statements in terms of the headings and corrections to the exercises. 
  
The last item in the questionnaire was intended to gauge the opinions of students as a means of improving their 
understanding of the concepts of chemical thermodynamics. The analysis shows that for students, reducing the 
course content and increasing the TD contribution would lead to an improvement in their level of understanding. 
4. Conclusion 
The difficulties encountered in dealing with chemical thermodynamics may be due to several factors: 
- The nature of the concept studied because his understanding is more or less difficult- Inadequate bases, especially 
in mathematics. 
- The low and middle level of the students in terms of their understanding of French impedes their ability to follow 
the explanations of the teacher . 
- The curriculum overload. 
- Lack of concentration during the course. 
- Lack of motivation on the part of the students. 
 
References 
Azizoğlu, N., Alkan, M. & Geban, Ö. (2006). Undergraduate pre–service teachers’ understandings and misconceptions of phase equilibrium. 
Journal of Chemical Education, 83(6), 947-953. 
372   Hafi d Sokrat et al. /  Procedia - Social and Behavioral Sciences  116 ( 2014 )  368 – 372 
Banerjee, A.C. (1995). Teaching chemical equilibrium and thermodynamics in undergraduate general chemistry classes. Journal of Chemical 
Education, 72(10), 879-881. 
Beal, H. (1994). Probing student misconception in thermodynamics with in-class writing. Journal of Chemical Education, 71(12), 1056-1057. 
Brook, A., Briggs, H., Bell, B. & Driver, R. (1984). Aspects of secondary students’ understanding of heat: Full report, Children’s learning in 
science project. Leeds: Centre for Studies in Science and Mathematics Education, University of Leeds, UK. 
Cakmakci, G., Leach, J. & Donnelly, J. (2006). Students’ ideas about reaction rate and its relationship with concentration or pressure. 
International Journal of Science Education, 28(15), 1795-1815. 
Carson, E.M. & Watson, J.R. (1999). Undergraduate students’ understanding of enthalpy change. University Chemistry Education, 3(2), 46-51. 
Carson, E.M. & Watson, J.R. (2002). Undergraduate students’ understanding of entropy and Gibbs free energy. University Chemistry Education, 
6(1), 4-12. 
Duit, R. (1987). Should energy be illustrated as something quasi-material?. International Journal of Science Education, 9(2), 139-145. 
Duit, R. and Kesidou, S. (1988). Students’ understanding of basic ideas of the second law of thermodynamics. Research in Science Education, 
18(1), 186-195. 
Erickson, G.L. (1979). Children’s conceptions of heat and temperature. Science Education, 63(2), 221-230. 
Erickson, G.L. (1980). Children’s viewpoints of heat: a second look. Science Education, 64(3), 323-336. 
Erickson, G. (1985). An overview of pupils’ ideas. In R. Driver, E. Guesne, & E.Tiberghien (Eds), Children’s ideas in science (pp.55-66). Milton 
Keynes: Open University Press. 
Fuchs, H.U. (1987). Thermodynamics: a “misconceived” theory. In Novak, J.D. (Ed) Proceedings of the Second International Seminar 
Misconceptions and Educational Strategies in Science and Mathematics - Volume III (pp.160-167). 26-29 July, Cornell University, Ithaca, 
NY, USA. 
Goedhart, M.J. and Kaper, W. (2002). From chemical energetics to chemical thermodynamics. In J.K. Gilbert,. O. De Jong, R. Justi, D.F. 
Treagust, & J.Van Driel (Eds), Chemical education: Towards research-based practice (pp.339-362). Dordrecht: Kluwer. 
Granville, M.F. (1985). Student misconceptions in thermodynamics. Journal of Chemical Education, 62(10), 847-848. 
Grayson, D.J., Harrison, A.G. & Treagust, D.F. (1995). A multidimensional study of changes that occurred during a short course on heat and 
temperature. In A. Hendricks (Ed), Proceedings of Southern African Association for Research in Mathematics and Science Education 3rd 
Annual Meeting-Vol.1 (pp.273-283). Cape Town, South Africa. 
Harrison, A.G., Grayson, D.J. & Treagust, D.F. (1999). Investigating a grade 11 student’s evolving conceptions of heat and temperature. Journal 
of Research in Science Teaching, 36(1), 55-87. 
Johnstone, A.H., MacDonald, J.J. & Webb, G. (1977). Misconceptions in school thermodynamics. Physics Education, May, 248-251. 
Kesidou, S. & Duit, R. (1993). Students’ conceptions of the second law of thermodynamics - an interpretive study. Journal of Research in 
Science Teaching, 30(1), 85-106. 
Lewis, E.L. & Linn, M.C. (1994). Heat, energy and temperature concepts of adolescents, adults and experts: implications for curricular 
improvements. Journal Research in Science Teaching, 31(6), 657-677. 
Linn, M.C. & Songer, N.B. (1991). Teaching thermodynamics to middle school students: what are appropriate cognitive demands?. Journal of 
Research in Science Teaching, 28(10), 885-918. 
Ochs, R.S. (1996). Thermodynamics and spontaneity. Journal of Chemical Education, 73(10), 952-954. 
Osborne, R. & Cosgrove, M. (1983). Children’s conceptions of the changes of state of water. Journal of Research in Science Teaching, 20, 825-
838. 
Selepe, C. & Bradley, J. (1997 January). Student-teacher’s conceptual difficulties in chemical thermodynamics. In M. Sander (Ed). Proceedings 
of Southern African Association for Research in Mathematics and Science Education 5th Annual Meeting (pp.316-321). University of the 
Witwatersrand, Johannesburg, South Africa. 
Sozbilir, M. (2001). A study on undergraduates’ understandings of key chemical ideas in thermodynamics, Unpublished Doctoral Dissertation, 
University of York, UK. 
Sozbilir, M. (2002). Turkish chemistry undergraduate students’ misunderstandings of Gibbs free energy. University Chemistry Education, 6(2), 
73-83. 
Sozbilir, M. (2003a). What students’ understand from entropy?: A review of selected literature. Journal of Baltic Science Education, 2(1), 21-27. 
Sozbilir, M. (2003b) A review of selected literature on students’ misconceptions of heat and temperature. Boğaziçi University Journal of 
Education, 20(1), 25-41. 
Sozbilir, M. (2004). What makes physical chemistry difficult? Perceptions of Turkish chemistry undergraduates and lecturers. Journal of 
Chemical Education, 81(4), 573-578. 
Sozbilir, M. & Bennett, J.M. (2006). Turkish prospective chemistry teachers’ misunderstandings of enthalpy and spontaneity. Chemical Educator, 
11(5), 355-363. 
Sozbilir, M. & Bennett, J.M. (2007). A study of Turkish chemistry undergraduates’ understanding of entropy. Journal of Chemical Education, 
84(7), 1204-1208. 
Thomas, P.L. (1997). Student conceptions of equilibrium and fundamental thermodynamic concepts in college physical chemistry. Unpublished 
Doctoral Dissertation, University of 
Northern Colorado, USA. 
Van Driel, J.H. & Gräber, W. (2002). The teaching and learning of chemical equilibrium. In J.K. Gilbert,. O. De Jong, R. Justi, D.F. Treagust, & 
J.Van Driel (Eds), Chemical education: Towards research-based practice ( pp.271- 292). Dordrecht Kluwer. 
 Wright, P; G.(1981) Contre l’enseignement de la thermodynamique au lycée. In Cartmell, E. Eds, Tendances nouvelles de l’enseignement de la 
chimie. Paris Unesco volume V, 222-225. 
 
 
